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(57) Abstract: 




PURPOSE: A semiconductor device having a high dielectric layer 
is provided to guarantee sufficiently high capacitance regardless 
of a reduced unit cell area by controlling a low dielectric oxide 
layer on an interface between a lower electrode and a dielectric 
layer so that the thickness of an effective oxide layer becomes 
lower than that of NO or Ta205. 



CONSTITUTION: The first dielectric layer contains aluminum. The 
second dielectric layer has a dielectric constant larger than that 
of the first dielectric layer, stacked on the first dielectric layer. 
The first dielectric layer is AI203(63a). The second dielectric 

layer is at least one of a tantalum-containing oxide, a perovskite oxide or a composition thereof. 
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(21.) 92 1 OrSOOl -0G56830 

(74) cHsiei. mnm?i 'ii% 

(54) aiagggig n?B|t^ 

/^cHxi~ ¥*ia 2^^^^^^ a# mT^m SisoiiAi ii^^jAK 

ti«y M^m "^im^^ ^-simv^ ^JiiicTox).* w# ^/si'oi &!-£x-ii 4:XF2j:iig^ti-ofl [li-e b^i i 

^.3?i :S^Qll£ v256Mg -Dl'fe^Sl %\km DRAW SISWI .gfit!':;25f F/cel I SS .gHStl. 



0) iritv m:^ 



1E 4^ E 3011 eXis uh^^iii:>^^oj .;^|;^ i'^iff ^s^pr^iti::^^ ses. 

EE B ^'S2i a3^A|6iiOi [C^S AI:0,/fiON2| Saejg ^Hlt^ MiCiSffli AjElSI* flliOllS EAItH 
E 8S B .g:S£] ?;il3^AI0)|CHI CCfS Al,a»/Ta0N2J ^UltT ^2ia^?HfflA|E12| X1l2(«!i £Alt^ ^ 
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:S:9^ B a :2^./3v^AI01l1}|| [CHf^:?H^iBA|Ei2| MS, ggf S^^K?! f\it f S *S£. 

-6) : Slig^ 61.a : fig 

'6^ :. §ih?t .63a : AlA 

:63b-.: TidN 64 : 3123^ 



aj^E^M-bXl-SJ DRAM H 9iiDiM>!fShH|^^ ^ (Thermal I yV. !E£ .S'^-«E|(Baprd 

•tHeniiiny)(}il SiOrMUf-^^ra^ PXF°i1DI ikt^lM CKF :?ilOiM^h2i°| Ely 

. ios^W(Tumeling Mective thlGk^^ Tef f)^ SiD:°j El 25-30 A0|5^? MOIE^ 

^A^IHI. :-Si2:Dl. O.lAm^. -^i^hOilAiBJ TllOIM^hih^^^M' 25^^30 A^W^ ^ISEMII (Direct 

'turihel lrig)Oil -:^^^^(Of f ^cu^^^ ^^FS ^SOISOF-^iWg S^TOII ^tStflDI °BIE|D1, Oil 

OlS ^^1^1?! :?iiVrt I2iSBMMS(Hlgh-k dielectric .material )g :7^|d|Mi^ii^^HS. 

StSEill 2iCfr;d|Ei# IISS ^HSHAlEi iSEITaXCapamtior" .stbrage)(HI AFSEIS 

^ ' ■ 

^seWM is?! s-^oiie ^:7i5i:Qv oiiy2j ^ah^i^ ei^^i 

mE^AI, NOCNItf ide/Oxiide); qi5?J. ^^a^^S .AJS§ffi Si^ ?HIHA|Ei2| aS^JOl .3 Hh 

SJCh 

-g^, NOP ^-^i^^S 0|g§fe ?HSilA|Etfe 2BBM 0|fe^2J 7:FAi|[H DilSEI XilSOil mS^Hm^'-fi 

qh-Lii 3 t^?iis Mom sip. 

suhly iiooli di^i sasbi # ti:*, 'tidi;, srTia. (ai;Sr)jid SSI assaSM mi'^^o\ wm\ a 

:^^ol> SSStei)OI ■ NiKMClh &g:Ed4f^(Ta,0^^ SSmte =25-27)0] -feOh Sjg :7f^^ 

0|v^g;|i^,^ 

:£^i^';iEH5iSi°i^i'oif(iii 

s^ioii ;£Ais Mm, aoi.,.:S:^H^^gEi^Ei:exDoped:. iDdjvsi:! icon)^^ . 01^01 a .^h^a^s! aiia^ 
■ Di 5i Ai ,v ^^a 2yi i o^iioii si mm stfafe s j 6^ n;/s i^k* si o^Kmfl^)^^ :o! at^ 

^■^EE. ^^llia^<il)^^ j«2a-^(1<3)# i£^EE: 'MEi^ polysi i icon; D^poiy si);.S!-^^H 

yig^^'ElMOoped amorphous :si I lcoh)lK ^S.*;^^^^^ gadl7iU; TiN> TaN, WIN, llHSj / Ru; Rud.r, 
Ir, lr(i,-Pt2K'^^^?1l mS* 'Stit^tK 

£ fe,SEH7l#^ Qft Olioil CCI-i .?H#AIEi:l EAit^ Rgoia. 

Sl m EAis H^EF ^1,. E^^E pEi^Ei^e ^F^a^ei xiiia^dio., sio./si,N4 (^e^ 
;siOr/Tip5j°i ^#^^^.oi^oia Sa5i(i2)3i- E°;EE MEi^'EisM fe^sa^a ?sll2a^ 
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C13)e 5*J*CK 

Oi:?|A1. Sa^^(12)S SI0.2ICH! SiO<N.M StJth^ SiO.N./Si.N, (E^ SiO<N../TeL05)H^ 01^01X111. Mm 
. = (ir)2F fl|22!^(.i3)S g£!^EIS(DTP0ly si:) S! ■ £^SE dlSS^EISlK^^ ^EieM s 




3aLK. 'SJG:ysj.N4(£E^:;sio.^^^^^^ #Sgif ^^awi ?xa,. 

(0)21 Siyi 7;hO|0il bleit}-^^^ SSC^^^^ vacancy) 4^H2| Sffe^^ ^l^ai^XW i^^*- ^^^9.^ ^ 
•□^01, eWMiSF^^S &^/&>^g'^SS' Ahgm2;2t^ MEI^EIS £E^:/TJN]jlfS|..^i^^^ ^Q['^ 

mw^v^' ' • - ..... 

^k^B7y':Eymn ;^a:^soi itha^ LHsem siCK 

[[IEKA1,; ole^^^ eitH M^ss Ji\7\tm 9]^^ ?cis ssEi s.s§ ati!oiiot& s§o) ^g 



s ^&^i^iil* ^EH^SHj:^^^^ etith s^^Mai, 112:^ .SHEsii ^j^khiai s^^ei 



SEID1 ^^71 xiii^aetaQ ^ ^a## :^ii2sa^M stmm subs ^loi, ^^^'i 7;iii^a^^s 

Al-AOli..^:'! XiiZ^a^t^ B-l^Mt^S A^sigdaON, Tfibti) 3 ffl|S^:ii?tOIM >i»shM(BST)^(HlA-l 

si -sj oi E. 5^Ue stit^t to. 



\7i sa^^^sj .Tsza^^^^ 5tmj;m ^shs to. 

HEIH/ ^^2] ?HiEllAlE1°J l^^^-X1lia^#^^3h^.e71L XiHa^m^^DleOI t]-^ 



ffedf^>:a"aa*fy>'s^^^ a'asis faoN^oi- rsisas* »i*fe'-'&aia 5aw«-*^s'ss. 
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31HI £Aia. u^a^.BOl> .^asoi ass. iKar7is(2i).' s &Egi;?im2i)&^()ii ^$ompi i^ss. 

'mi^HIOIMiSa^^^^^ Xfl23HIOIMi+as^(22b)0| '5{#a 711.01 EiTsRif 22),. S TilOIMi+a 

:« Vl Xl 01 M >yS^5K&a)s: .^g'StciOl 70101 ^perovsklt'e) .:?^(ABa)M ^m^Ai 

.-SaitiEIOI- gib Al A /dill. .«|2>^IO|Md^s^^»• (22b)^ TaONCe =23- 25)v TaL^: (e =25-27^ 3 

om^: ^^iii^ioM^i-^(2^ei)^ ^^i^ ^i27i!oiM>ih5i4c22b)(>ii hi^h if^aivv :^!i?tioiMi:i^t^^ 

10^v20:A2);>^])1I1; i;m'^ ^1271IOimSl^|et(22b^ i^-^QK ^OlEi*? W^IOIM:^th 

:^(22a)s/:qi2flioiM<yi^^^ BiS^i- waaol srE|o:7i5r(zi;) -iatHi «sa#Qi s^sas a 

m^Wi^i^^m uEism^^^'^^^ stmidb ?iioiM2'^(2:3)g.M5H:^i-iEi 

€J ?||0|ES^^^S. M^, Qll^CH. E^^E lEl^EI^(D-p6ry si) S E^^E HrSl'^ 

5tmfe^:^EI571l TiN,. TaNi «!. WN; Ru, I f PtM^5t!§h& g^v RuGi i! IrGil 

-^^^i^aM 'a '^^^^^^^^^ 5tm :^Ei:Af.oiEs 0^^ aesDiiAi ^che ?hj#. 
tffe: m\E<B^(23')SM: 'im s^, ^»-msfs ^55: *^oii 

CH^H TiN2i LHs^^l: t>^SA|?i;?| ?m E^^E .MEl^EI^S ^ SiCf. 

ESDII EAIEIs 's^^SiXIE^, XiII>llGi EAht|:p»-(22a')Sh B^ESI7i5(2!) A(b|(Hhl^«JSSfg Q. Hit!ieif.df 

E 4^ E 30il EAI^ aHEXjl4:»^ -^^il^ SfgS-^So^?! ^l^-g:^ ^MEOIQ. 

-E 4(Hi EAi^ bhfiK^db ^EiSDi'^li e^Ei]7|e(21 )^ "^t^tm^mii Xmt[ 

_^,^f >a ^ij^pi .^m &ESII :?js(2i )2J iffs § traEit.CK.rm ) / 

217^1 is*! El SSi/ SJ Alix ihrsit^^^^ 2!!Afe(ex-sltu)MA1 \^,^\M ES HF S2!i2|- HF iffij 

.m* Afe^l:01G|%CHSKF. ^ 

•t^S, HF tFt.^S':0|ge^01 E^-^E MEI^EIE^ .S^XjEitF^ 2}S(HIA|. HF 5Sx-|E| 2,^(HI 7\\^m 

Mmmu ss^m^i}^A\m^ b^'a bs\ tmmm Mmtm -mx^Eis^ 

dh^S^, s^thxIEl #SS 7i|°»^ tl*>7|^^e^^(LPCVD) ISbH&ilAi S^H,^ .^Oi| -ojxi^ E^ ^'Al^S 
lEF^OhS S^SAI?) NH, WH^ y^:^ S?PI.(HIA| 01^017^101, .01 m ?4IOIiH21 ^E~ SOO^c.-- 

□EIJl,. Sm^lEI SSSJ Dg OIIS 2!A|^ E£ .eilAIS 3^g7jE|(RTP)§flM. 0|g?^p1 750*0- 

950*c°l ^E E' NH, 5?^ir:-Mi?l:7^QilA Thermal NItridatlon; RTN)§I 

01 oi;^o]xiii; i2h:^si,s§2i Ec^M oiis.g^isi oigsidi Boo^c-^ioocrcei se s nh, 7h:di g?i 

7toiiAi ^01^012^:: ■ • • - 

QfS^S, isxIEl E^ giWEia 9J'E*jPIS'(21)4'-ail 7;ill?^|0|EA^s|.o|-. (22a)^SA1 10A~20AS| 

Aiitt:M s^j&feDii(i;o2); aia *^ ai sgei t^*^s.7ls MFcai- ^^^mym mtjn Bwy\ 

(6vapbrfzerj ES S^Sh(evaporat loh tLibe)os SSS SSirSJ AKOtHs),©^^ ISO^c-SOO^cSJ a£ 

g^iLfioiiAi mm\9\ s^d. bi uii> Ae4,(q,)# m7ma. 

AlA'i #i»^Pi'SQ{| SAli S0iort. A|g§Ka' l^^^^ ES t:S?i:?IWIAi .20^^^^ iXiEl 
^«^M.:3 iil'#E(dangl;m^ :?j2!tj--^5Sj. ^^(ctef ect ) S- 4i2sj '.M5^^(hoinGgeneity)S im 

Hl-gE^, . *^ TaON . §^»:§ '2t5£r^ H^^-SSlHI Ai im^?;^l (E^ 3-S^Hit)(0xldant ):7K. E^EE mEI 
;^^ja^o^:. ^hAhgixj tj-^ -^l-E^ 800*c-95GX£] s^^l- N, E^ Ni/0, 7[± 

S.^i7|2). S^:^7c|E|(Rap Id Thermal Process; RTP) S«(HI7d ;30^-120^^^ ISEISHB AI.Q,2) ^gmg 
.t>S; AbftHJ •Igtfg '^^^ 2!7|^;(FurnaGe)l OlguKfl '7Gd-G-800*c21 >bO; E^ 

^/Q? g^j umM tog ~ sog^oj- ^ .si Ef^ioiE siO: 

IgW^ Aimfe^r :Xii2?1l^ TaONl ^^oh^IHI(104), TaONS 3Gp^C - 6GG*e/ 

2J. SE^^ 0;i-5torr°j .°J-^.2S SXI^ TtiSi: Af-g^f |HfcH(Low Pressure: Chemical Vapor 

Deposition chaDberf Olp> 'LPCVD ISbH Eh %^mtiy LH(HIA1 Ta miM HH, 
(Ifecm^lGppsrcm MFCCMaas. Fibw .Control ! erjg; S^^ SS^hQl S« 
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K5/di 3^^x-|E|(Rapld Thermal Process; RTPj .Si^lOilAI 30;$-'1.2b^^^ .^/^luh^QL. .01.^^ 

uig^ ^^EH^ mm mmm^^o\o\ sass si^FXiach oi tiji; Tacj^iH ft^^sv Duacii', 
■co; m; H^G. ^GH^/c^ eorxij3H&^^^ - . 

.^i, TadN isO;iviiG;;i iS^ra^ 7amF?^:7i^-i^LRew^^^ (Atomic- 

. Lkyer DeposM * - - 

■Pre'^ureCCVD;' IJ^OT^^ PECVD). H^lf Xt:?! ifiiilEI 

CB .^^M ?>^;TaONm qigte^ ^jp^i • tapi^M «^m^ * -Siq. 

S BOfl fe>ya.:;Hf£l^ IBL 7;ilia'^(3l)..:^^^^^^^^ :^22K(32)s jfiisM 

•?HiEiiAiEi2y ^asfoiEa; 

:Ctt^lAiw^flUS^3^C22dM^2!^^ 70ID1 iHllMa^'miM- ^^(A^^ ?WIS5A} g^tjilOi: Si^ 

•AifcloTiiK^^^^ 01 
#oig 'iii^MvM ?^^:l! ^^bi£ st»^n:K 

•Q>iEi, , ?;iir^a^^(22a5B] mmBM2^^(2mm ai^B iiSQL wrsa^*-(22a)e ioa~2oa°i ^}Mm 

7;t2;^S^'-(22bm ■ 

nam, ^h^s^'ei Jiiia^csosi- ^^^^ 7;ii2s:^(23m e^^e. iEi^^r^co-poiy. si) s e4^' 

E yi§^4'EIS# itieh^^EISTll ei'. TiN, TaN, % fN, Ru, Ir S Pt# RuOr 

Lfm mm:}. 

ai2a^(23):£s mm ^Bo\^ ^^^sj nmm i^ .e^ a7is< #^oii im 

TINSJ LHni^M .t»^^AI?i;7l ?I^H E^^E MEI^EI^m-^^W ^ 

E.6^ ^ «^oj '^j 2 ^AIOIIOII ?HiHAIEiei Mmm EAI*^ eSEGICK 

E 6Dil EAl^l fbhSF ^01. XiHa^(41), ^2^^(43), JXO 23^ (44)2:^ OI^OtT^lffl; ^a^''(43)^ ;aiSM 

i6?loiMqiie: :?^?^i&Ai ssit's^s^ sa#di ^ .x^|2os°^(43b).g ois£s ^ms^ 

-^a^lOlII; Ji!ia^(44)IlK.^^^ WSasj^ya ^ieOil ltRIEI(Nitrldatl6n)01l ejSh 

;(42).or^ais][:f. 

■ >.;pl E1*i^^ tt^(42):^ .S 

--miH, tl^^^43tf)^:^ai^^ )0l 7blDl Sil^j^:it5'hQIM^i(ABa:» VitmM Sait^EICHVSife 

Olf qjM: " ' 

i3i#^i/si;teSH|:(43a)^ .^Jiiib x^l2sa5^(43b)(}^l hi^ ti^ti, -^fljojqa^^^^^^ id a -20x^21 

.?,»:I2.:ai;2^a^^(43b)&.^ ^Mlf i;^^CK 

iiEi^H/ ti^a'^ei:^n^^^ mEi^Ei5.s. e^^e uis^^ 

Eieartf^ /^'EI^Tir M§ / TiN/ TaN/ :w^^^ Ir g PtS ittmi^^^% ei'. RuO. i! IrO.^M 

§1-^ a wsis 5tm- ^EiAidiE^ di^oiS a'^M^swiAi i:!iiH& .sjdiE t\Lm 
7:112^ Ai(fli Oil Ai, xii i^a^'-S! Ai:ra~ 'niisM-^5!ioi^ :?^s 7rasAi M^mmaoi ?i2.be, ^5 

s|og pyo .^^5K^i ^^stgiQ. iaEfAi -^^^^ 
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1 gH'OKHS ^^ilSte'am^^T:!^!'^ SfiJ-S^CDIf fusion barrier) s^^l *|HS XfllS^ 

:M^M!S^^i -T^^^^' trnm] m^^^ ^m m7<\t}C[, 
:or^^;?K:K 

■.*^^|.^ interconnect I on) (50)4W 3 H^(51a)0| ^BIS ^siQ^ »I1S^(51):; 

(51)^^ .°3°K52), SS^^(52)&^2j: X1|22l^(53)£g OI^OiXIDj .^2iH[(52)^ 

Vd.::SI2S2!Sf(52b)^^^^ a BST[(Ba,.Sf;>f ia)],fc»2^^^ GI^XHS! 




8011 SAl&.iiiSi- Sd^ -i:ii:/EEll°i(HI S^Ai;?!:?! i?!*]- 



Q. 

□EIH: 7ai1S3^^(63a)^ SSg(e)OI 700 IgM^i^fOlM ^5(ABa)S 7OT3AI AlAOl 
H, :^1l2^£!2^(63b)S TaON(e=23r-25), Ta.^Q^C e =25r-27) ^ BST[ (Ba.Sr)TiO,)] ( e.-200-'400)S 01^012 

::Ziail. ■m^aWe! -^^lllS'^CeiOSK ^a-^S ^129^(64)^ E^HE: MSI^EI.eCD-PGly . si) S E^.= 
'E: blS^^EI^g' 5m^>^ElS^i M§^ ..T5iNv. TaN. Wiv WN^/Ru; I r S Ptg .StfS^fe? RuOy^ 

^iihf .5E|jt}eK^' ^ ^ * " ^ * * . [ ' \ • ' ^ ■ • 
a:^^^(HS6) *ET^Ei^#ah:^^ R^(Bia)oi =^^m'ifm mmms\)^ issiM 

Till 2. 3 ^AlWOflAt. HITSS!^»2! Aiyj,^ M^^^mm :=^^m 7.m°iM SSlt^EIOl Si^HS 
mm, Xil 3 :^A1W|(HIA1 EI:;?ldlEIES/^>fe| Xiira^Ill' :^2|H»-2J TIISOiiA-i Ah:i:^»-<y:CHl SJ*K,7^ 
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-oi°|5^%Ai TaONi^^)^^ S^m £Aimii SiCK. 'Gl ill; £30il £AI£IS ai^S^XIEK, E^H^E MEi^ 




37^1 lisWa si's, oiAi# ^Es ^xiWoiw HF- -?rai HF Hf •i^^i^^^i§^■ot^jo# 

miBi. HF m^Mm oigsra EE^HE Ma^a5# ia?5i£i"Sfe :Sh&wiAi hf ss^^ 

S Ailge^TiU aSS#-Sf^W?l?l ^OT NH4OH ^^%Si3.-:S:2q S£j "tPE^Mg -ASpP fll3?|EIS 

.ge^:^Aim.^ 



OS^S, SStfa' AiAAHHi 73a#af7T^S.^^^^^ £E& S»#S^S (AlbrsbilAt^^"^^^^ uH-fSJ* 

S*ri!M OlSuKfl. TaONM- S^t!- $(204), JaON2| gSt® ^It^ ISSm ^AltJCh 
(205):. - • • - - 

•iS-g^^ ISbi LHOilAi Ta thlJ-g 9^S7K^^i NH» :?h::i::(tOsccm.^ Or :?|-:^(OscgkI'- 

IIGlEi ^^OIIAl^DiU^ 53t|-*Msm.#^H 50A~.ldOA ^)I2J 

Oi:?IA|, Ta ;t>4j# S7i?>i^ 99.999X'G 

.AI?^^^^S«^^^Qj,A?OIE^t^ S^Xl^J^'r^li^H 15G!c:-200t2J,vaE^ SvqSh^ s 

?^^^#:;[[^EI■ G. t -5torr2j ^Xlufe; LPGVD iSI:«LHg TaaNMv4gs[t.tK. 




:'t|-MSg. im^m ^^^S^ei E^EE SEI^EISCd^poiy.sJOS §-iSt.H"K206). Ot^lAI. E,^^E M 

: ?cif i2^3;:^ mm El ; WS^'^SM-Ai-TilB dfSS Ta^O, 
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s*rais§ mm sjais se^ ^xm n.o se^ o, e^^2SD^ saei a ^ais uv-o, gsa imiy &s 

'5fe :?HflHA|Elbli;:Bi^^ SJ^ra^. S^l^i. .S§H ISKEIS^^CBreakdown volta9e)G| 

<yih4°j;fe^g iiH^oii #5^' t^-m ssffii aii-* a^&am^ 



• (Tox)* NOCXdx^^^^^^^^ 4^ ;2i0i ^^^M H^^mi [P-e B?l 

=#,E^^ ?^oM^M^FjI 256fe. :0l^2l::fcF/diCH^^'^^^^ ^fi^T 25f F^^l I 'X)l^ ^^ 'S^'.^SF 

.71 [ttSM .51-^ 21^21 ^^m. m2m9\7\ oi§ i^ ^^^^v^zsEj^^s^M^HiniAiEisj agoi ga^i- 
i^ ^W^ W^/^n^ii. 9;?r.^f :a|2H3i f^o^ MS ^7hM ^gm^/Eiph.^ch 

E^K, Ai A/TaONi^^^S^^ NO.iEM TaAM ^2^:^^ OIS^I- ?Hfi8AIE1 S 7II0IMS 

if:5i&ll fil^H 2l¥^¥E1 2J7IEI.%" '2!7I^ S^WI i^trH NO -i^/Ta^OsS^^^ 
di . .2!7i^; f «f 2» 4 ;2i^ 2:2F7F SACK 

^ SSWIAIS^ S^i-SIS'l m$H SiAl^ £E^ '^'AI^ M 0.^ lEh^Of ^XIEI il ^A| 

^ uv-Oa g«Ei 2^§2h lx^Et ssol a§f I'Ra^Hs, e?isg4:# ^^±a\9\ii, m 
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, Till 27|iqi ..^^ 
6: 

sii.;&^t^pis:ipiAi, 

:-gi."ii:7:K; " • 

4^31 71101 MaRSvME|,Sa a Ul§§6lEI5, SEteEIS 31 E?5E dlSS^EIS^S 01^ 

OlS n«g.(HiA1l^P«^a= TIN, TaN, W> «IN/Ru, Ir^ PtS^ OI 

jstoiiE mLhi g^ijte a cgsi, Mosi a fes -oi^ois nsgoiiAi.deiEis -sjoiE §> 
urn strand ^EiAroiEs oi^S ^ssoiiAi ^d^is sjoise sH-^ -oig^i; ^trsfg ^tmm m 

Till 5-t^Oil sibiAi, 

B^SEa7ISt2F'.S;:?| 3gi 1711 DIMS gef AfOIOil 14:SrSSi-p| CI qidlSg '^gSlg ofe' 

^^?tr lb 
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¥^ 13 

III 12;t^p|l;:a^^^^ 

,^PI S02S.Sefg TiON, TaiOs,S!; ■Bit p^W^ 6lS :ShLI# iSjtJii; MSfSS Ste -^ffffll A| El . 
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